INTRODUCTION {#s1}
============

Globally, 1.8 million children live with HIV,^[@R1]^ \>90% of them residing in sub-Saharan Africa. Mother-to-child transmission (MTCT) accounts for \>90% of the infections.^[@R2]^ Most of the newly infected children are found among those not reached by prevention of MTCT (PMTCT) programs, and offering them timely diagnosis is vital. Systems to promote HIV testing for children outside the PMTCT programs need to be enhanced.^[@R3]--[@R6]^

Antiretroviral treatment (ART) initiation and retention in care are essential for HIV-infected children.^[@R7]--[@R9]^ However, ART coverage among children in low- and middle-income countries was only 25% in 2012.^[@R2]^ Training health care providers in pediatric HIV/AIDS is needed to bridge this gap, ensure high-quality programs, and expand access to care and treatment among children.^[@R10]--[@R12]^ Moreover, fragmentation of health services hinders the access to key populations, and integration of services is recommended.^[@R13]--[@R16]^

In 2014, the Joint United Nations Programme on HIV/AIDS presented its "90-90-90 target" for 2020: (1) 90% of people living with HIV will know their HIV status, (2) 90% of people with diagnosed HIV infection will receive ART, and (3) 90% of people receiving ART will be virologically suppressed.^[@R17]^ To move toward this goal, special efforts need to be taken for the pediatric population given the challenges associated with timely diagnosis, ART coverage, and retention in care.

In Tanzania, in 2013, 73% of HIV-infected pregnant women received PMTCT services and the estimated MTCT rate was 16%,^[@R18]^ with 23,000 new pediatric infections.^[@R19]^ There are 250,000 children living with HIV, and ART coverage is dramatically lower than among adults, 26% vs. 68%.^[@R2]^

Previous data from our clinic revealed several gaps in the care pathway of HIV-infected mothers and their children.^[@R20]^ In response to these challenges, we adopted a package of interventions to improve the care of HIV-infected children, mothers, and their families attending our clinic.

The aim of this study was to evaluate the impact of this strategy on outcomes among both children and pregnant women over time.

METHODS {#s2}
=======

This is a prospective cohort study evaluating the clinical outcomes of children and pregnant women before and during the implementation of a bundle of measures to improve the quality of HIV care in rural Tanzania.

Study Setting and Population {#s2-1}
----------------------------

The Chronic Diseases Clinic of Ifakara is a rural HIV clinic in the Kilombero district, southern Tanzania. It is part of the Saint Francis Referral Hospital and works in cooperation with the Ifakara Health Institute, the Swiss Tropical and Public Health Institute, and the Department of Infectious Diseases and Hospital Epidemiology of the University Hospitals of Basel and Bern, Switzerland. All patients diagnosed with HIV within the hospital or diagnosed at a peripheral health centre and transferred for further treatment are referred to the clinic to receive HIV care and treatment according to the National AIDS Control Program. Since 2004, all HIV-infected patients attending the clinic are asked for informed consent to be enrolled in the Kilombero and Ulanga Antiretroviral Cohort (KIULARCO). This cohort study obtained ethical approval from the Ifakara Health Institute ethical review board, the Tanzanian National Institute for Medical Research, the Tanzanian Commission for Science and Technology, and the Ethical Review Board of the Canton of Basel, Switzerland.

The cohort comprises \>8000 patients and is the largest rural HIV cohort in Tanzania.^[@R21]--[@R23]^ PMTCT Option B+ was implemented in April 2014.^[@R24]^

In this study, we included all HIV-infected children (≤15 years) and pregnant women enrolled in the cohort between January 1, 2008 and December 31, 2014. For HIV-exposed infants, we included infants enrolled from January 1, 2013 until December 31, 2014, since no information was collected before this period.

Description of the Intervention {#s2-2}
-------------------------------

From December 2012, a bundle of measures to improve the PMTCT and Pediatric HIV services were introduced, namely: (1) creation of the One Stop Clinic of Ifakara: a PMTCT and pediatric unit integrated within the Reproductive and Child Health Clinic; (2) implementation of electronic medical records; (3) implementation of provider-initiated HIV testing and counseling (PITC) in the hospital wards; and (4) early infant HIV diagnosis (EID) test locally (See Table, Supplemental Digital Content 1, <http://links.lww.com/QAI/A919>).

### Establishment of the One Stop Clinic of Ifakara {#s2-2-1}

We created a unit to address the special needs of HIV-infected children and pregnant women. As in most HIV clinics in sub-Saharan Africa, before the intervention, infants, children, and pregnant women were not assigned to specific clinicians and could be seen by different clinicians at each visit. Also, there was no family-centered approach and different family members were required to visit the clinic on different days. Additionally, clinicians based at our clinic were previously not in charge of the HIV-infected patients admitted in the hospital wards.

To establish and implement the One Stop Clinic, we pursued 2 steps.

### Step 1: Creation of a PMTCT and Pediatric HIV Team {#s2-2-2}

From January to March 2013, 2 clinicians, a nurse, and a midwife were identified from the existing staff of the hospital. In July 2014, a counselor was newly hired and joined the team. All staff were provided specific training and appointed to take care of HIV-infected children and pregnant women and HIV-exposed infants in both the outpatient clinic and the hospital wards.

### Step 2: Integration Within the Reproductive and Child Health Clinic {#s2-2-3}

In April 2013, the care of HIV-infected children, pregnant women, HIV-exposed infants, and their families was transferred to the Reproductive and Child Health Clinic. We intended to maximize the opportunities to diagnose women and children, facilitate their linkage into care, and improve retention by offering a range of services in a single day and place (Fig. [1](#F1){ref-type="fig"}).

![The One Stop Clinic of Ifakara integrates health services for HIV-infected children, pregnant women, HIV-exposed infants, and their families in a rural Tanzanian hospital.](qai-73-e67-g001){#F1}

### Electronic Medical Records for HIV-Infected Patients {#s2-2-4}

The Open Medical Record System (<http://openmrs.org/>) was adopted to implement an electronic data collection system at our clinic.^[@R25]^ In December 2012, different questionnaires were introduced to systematically and comprehensively collect clinical, laboratory, and drug prescription information and to minimize missing data and data entry mistakes. In May 2013, the clinic became paperless.

### Provider-Initiated HIV Testing and Counseling {#s2-2-5}

Provision of PITC had been recommended in Tanzania since 2007 but suboptimally implemented in most settings, including our hospital.^[@R26]^ In January 2014, our clinic joined efforts with the hospital administration to institutionalize PITC. Since then, all patients admitted in the pediatric and maternity wards are offered HIV testing through an opt-out strategy.

### Early Infant Diagnosis Testing {#s2-2-6}

The national guidelines recommend that HIV-exposed infants are tested for HIV at 4--6 weeks of life or thereafter as soon as enrolled. Proviral DNA polymerase chain reaction (PCR) is used for infants aged ≤9 months. For those aged 9--18 months, HIV rapid antibody tests are used for screening and, if positive, proviral DNA PCR is performed.^[@R24]^

Since March 2014, proviral HIV DNA PCR for EID is performed at the Ifakara Health Institute laboratory applying an in-house nested PCR protocol executed on a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, CA) using GoTaq DNA Polymerase (Promega Corporation, Madison, WI). Previously, we had used the national EID circuit, which was often challenged by frequent stock outs of the kits to collect and store the samples and by the unreliable transport to 1 of the only 4 national referral laboratories.

Statistical Analysis {#s2-3}
--------------------

Baseline characteristics of children and pregnant women were summarized according to year with appropriate statistical measures. Baseline is defined as the time of enrollment into the cohort.

To assess the impact of the interventions listed above, both the baseline characteristics and the clinical outcomes were compared in children and pregnant women separately between the period before the intervention (2008--2012) and during/after the implementation of the intervention (2013--2014). Baseline and follow-up comparisons between both periods were made using χ^2^ and Wilcoxon rank-sum tests for categorical and continuous variables, respectively. Also, we compared the notified cases of tuberculosis and malnutrition between the time periods by estimating the overall Mantel--Haenszel rate ratio. Finally, we described the characteristics of the HIV-exposed infants enrolled and reported the early MTCT rate. Test statistics and 95% confidence intervals were presented. Data were analyzed using Stata version 13 (StataCorp, College Station, TX).

RESULTS {#s3}
=======

Cohort Characteristics {#s3-1}
----------------------

A total of 200 HIV-infected pregnant women and 547 HIV-infected children were enrolled during the study period. Table [1](#T1){ref-type="table"} summarizes the baseline characteristics of the patients per year of enrolment. Pregnant women were enrolled at a median age of 30.3 years \[interquartile range (IQR) 25.3--34.5\], 20% were classified as World Health Organization (WHO) stage 3/4, and median CD4 was 340 cells per microliter (IQR 147--494). Among children, 48% were female, with a median age of 4.4 years (IQR 1.5--8.3) and 48% presented with WHO stage 3/4. The median CD4 percent was 16.7% (IQR 8.7--28).

###### 

Baseline Characteristics of HIV-Infected Children and Pregnant Women Newly Enrolled in Care From 2008 to 2014

![](qai-73-e67-g002)

Outcomes of Pregnant Women {#s3-2}
--------------------------

The median number of women enrolled per year increased from 26 (IQR 21--27) in 2008--2012 to 45 (IQR 42--48) in 2013--2014 (*P* = 0.05) (Fig. [2](#F2){ref-type="fig"}A). After the intervention, there was a trend toward a higher WHO stage 3/4 (26% in 2013--2014 vs. 15% in 2008--2012, *P* = 0.08) and lower CD4 counts (median 315 cells/µL versus 370 cells/µL, *P* = 0.06). ART coverage among those eligible was \>98% during the whole study period. In 2013--2014, most women were initiated on a fixed-dose combination of tenofovir/lamivudine or emtricitabine/efavirenz as expected due to the changes of the national guidelines. There were no major differences in retention in care, although the number of those lost to follow-up declined after 2012 (26.5% vs. 30.9%) (Table [2](#T2){ref-type="table"}).

![Number of newly enrolled pregnant women (A) and children (B) per year.](qai-73-e67-g003){#F2}

###### 

Comparison of the Clinical Characteristics, Antiretroviral Treatment Coverage and Regimens, and Retention in Care of Patients Enrolled Before and After the Intervention

![](qai-73-e67-g004)

Outcomes of Children {#s3-3}
--------------------

The number of children enrolled peaked in 2008 and 2009, following the national trends,^[@R27]^ and increased sharply in 2014 in opposition to the tendency in the country (Fig. [2](#F2){ref-type="fig"}B). As shown in Table [2](#T2){ref-type="table"}, after the intervention, the proportion of children diagnosed through PITC and PMTCT/EID program, and transferred from other facilities increased significantly. In 2013--2014, children were enrolled with more advanced disease (WHO stage 3/4 72.2% vs. 35%, *P* \< 0.001) and immunosuppression (median CD4 percent 16 vs. 16.8, *P* = 0.08). In total, 125 cases of tuberculosis were notified during the study period, 53 of them during 2013--2014, representing an 8.5-fold increase of the incidence of tuberculosis ascertainment, from 12.2 in 2008--2012 to 103.1 per 100 person-years in 2013--2014. The thorough nutritional assessment was reflected in the 35.6-fold increased incidence of malnutrition ascertainment, from 4.1 in 2008--2012 to 145.9 per 100 person-years in 2013--2014. After the intervention, ART coverage increased from 79.6% to 98.1% (*P* \< 0.001). The time between meeting criteria to start treatment and ART initiation increased from 1 to 11 days (*P* = 0.004). Children prescribed protease inhibitor-based regimens increased from 0.7% to 16.8% (*P* \< 0.001) as a result of the adoption of the 2010 WHO ART guidelines by Tanzania in 2012 combined with the increased diagnosis of children through the PMTCT/EID program. The loss to follow-up and documented mortality rates varied largely during the 2 periods. Although the lost-to-follow-up rate decreased from 20.4% to 10.8%, the documented mortality increased from 5.7% to 15.7%. However, remarkably all deaths in 2013--2014 happened among children diagnosed through PITC: 12/16 in the inpatient wards, 2/16 in the tuberculosis clinic, and 2/16 in the outpatient department. Fifteen (15/16) children were malnourished, 6/16 had tuberculosis, and all died within 90 days after diagnosis, the majority (10/16) within 6 weeks.

Characteristics of the HIV-Exposed Infants and Early Mother-to-Child Transmission {#s3-4}
---------------------------------------------------------------------------------

Since January 2013, all HIV-exposed infants aged \<18 months were enrolled in our clinic. From January 1, 2013 to December 31, 2014, 261 infants were enrolled. Table [3](#T3){ref-type="table"} summarizes the characteristics of these infants. Fifty-six percent (157/261) of the mothers were diagnosed before pregnancy, 33.3% (87/261) during pregnancy or delivery, and 10.3% (27/261) after delivery. Among the mothers diagnosed before or during pregnancy, 15.4% (36/234) did not receive a correct PMTCT intervention, all recruited before the integration of services. The overall early MTCT rate, defined as the rate of positivity of the first HIV test performed, was 8.6%. Yet, it varied largely depending on the timing of the HIV diagnosis of the mother and the correctness of PMTCT (See Figure, Supplemental Digital Content 2, <http://links.lww.com/QAI/A920>). The MTCT rate of mother--infant pairs diagnosed before or during pregnancy was 4.8% (11/231), being as low as 2% (4/195) for the 84.6% (195/234) of pairs who received a correct PMTCT intervention. However, the rate was 44% (11/25) for pairs diagnosed after delivery. Noteworthy, many infants in this last group were found to be HIV-exposed through PITC, when admitted with symptoms. By the time of analysis, none of the breastfeeding infants with an initial negative test had seroconverted.

###### 

Characteristics of the 261 HIV-Exposed Infants Enrolled During 2013--2014

![](qai-73-e67-g005)

After EID was implemented in Ifakara in March 2014, the turnaround time for results---time between sample collection and delivery of results to caregivers---decreased from 7 months in 2013 to 13 and 35 days for positive and negative results, respectively.

DISCUSSION {#s4}
==========

The implementation of the One Stop Clinic of Ifakara combined with the improved efficiency of a paperless clinic and the rollout of PITC and EID resulted in: (1) an increased number of pregnant women and children diagnosed and linked into care; (2) an increased detection of children with AIDS; (3) universal ART coverage; (4) lower loss to follow-up and better ascertainment of mortality; and (5) a proof that elimination of MTCT can be achieved in rural Tanzania.

The intervention resulted in an increased number of pregnant women and children diagnosed and linked into care. This is an effect of the active case-finding approach of our strategy and the presence of a PMTCT and pediatric HIV team, which is well-integrated and coordinated with the outpatient clinic and the hospital wards. The opt-out approach for HIV testing during antenatal care visits has been in place in our hospital since 2008. However, in 2010--2011 only 25% of newly diagnosed women were linked to HIV services.^[@R20]^ Through the One Stop Clinic, the number of women diagnosed and linked into care increased substantially, with the most likely impact of preventing new pediatric infections.

Diagnosing children outside the PMTCT programs remains challenging.^[@R28]--[@R30]^ Measures to identify HIV-infected children must be implemented in parallel to the efforts to achieve universal PMTCT and the elimination of MTCT. In our study, the increased number of children enrolled in 2014 was mainly attributable to PITC but also to the enrollment of children diagnosed in other facilities and admitted with severe disease and the implementation of EID locally. Also, it is possible that as a result of an increased awareness among the staff, there was an expansion of family-centered testing using parents as index cases. Children enrolled after 2012 presented with more advance disease and immunosuppression, reflecting the high yield of infants and children enrolled from the inpatient wards^[@R31]--[@R33]^ and probably a better clinical assessment by a specially trained team.^[@R11]^ The incidence of HIV has decreased over the past years in Tanzania.^[@R2]^ Thus, we presume that before the intervention, some children were admitted and eventually died without being diagnosed with HIV and therefore enrolled in our cohort. The improvement of EID is expected to increase the identification of asymptomatic HIV-infected infants. However, given the low MTCT among mother--infant pairs who received an appropriate PMTCT intervention, the few infants diagnosed during the routine follow-up did not have an impact on the proportion of children with advanced disease at diagnosis. On the contrary, the implementation of local HIV DNA PCR testing allowed us to confidentially diagnose children aged \<18 months admitted in the hospital with advance disease. Diagnosing and offering health-restoring care and treatment to children with AIDS is one of the major achievements of our strategy. However, it highlights the high percentage of late presenters in sub-Saharan Africa^[@R34]^ and the need to expand the case-finding approaches to places where large number of infants and children congregate, such as immunization clinics, schools, and the community, to increase early diagnosis and improve outcomes.^[@R28]^

ART coverage among eligible children increased from 79.6% to 98.1%. This achievement is especially remarkable since, to date, similar coverage rates in Africa have only been reported by urban programs.^[@R35],[@R36]^ For children meeting the criteria, the time to initiation of drugs increased from 1 to 11 days, likely reflecting a better ascertainment of opportunistic infections and improved pre-ART counseling to children and caregivers.

After initiated on ART, children need to be retained, adhere to treatment, and get the support needed to face the challenges of growing with HIV.^[@R37]--[@R39]^ Integration of PMTCT and pediatric HIV services with reproductive and child care, and family-centered approaches have proven effective to improve retention.^[@R10],[@R40],[@R41]^ In our cohort, the lost-to-follow-up rate decreased from 20.4% to 10.8%. However, we could not fully assess the contribution of mortality to these cases.^[@R42]^ The increased documented mortality after the intervention can be explained by the increased number of children with AIDS and a better ascertainment of death. Known risk factors for mortality are low CD4 percent, WHO stage 3/4 disease, severe malnutrition, and tuberculosis,^[@R43]--[@R45]^ all common among children registered in 2013--2014. High fatality rates have been reported in pediatric African cohorts. In Malawi, the 12-month mortality after diagnosis through PITC was 20%,^[@R46]^ same as for children with tuberculosis-HIV co-infection.^[@R47]^ In Zambia, mortality of malnourished children was 46%, with HIV-infected children being 80% more likely to die.^[@R48]^ Although the lost-to-follow-up rate decreased in our clinic, the reported early mortality emphasizes once more the need for strategies to timely diagnose children who fell through the cracks of the PMTCT programs. Moreover, the availability of pediatric antiretroviral formulations is likely to lead to further improvements in adherence and retention.^[@R49]^

The MTCT rate for mother--infant pairs reached by PMTCT in our clinic achieved the goal of virtual elimination (\<5%). These low transmission rates combined with the finding that all mothers who attended after the establishment of the One Stop Clinic received a complete PMTCT intervention confirm the programmatic benefits of integrating services. The dramatic reduction of the turnaround time of EID results leverages the decentralization of this test to facilitate the timely initiation of life-saving treatment for infected infants.^[@R8]^

This study has some limitations. First, although we believe that given the comprehensive nature of the intervention, its positive impact has a good chance to be maintained over time, a longer follow-up will be needed to measure the long-term impact of the strategy on the clinical outcomes and retention in care. Second, it is challenging to distinguish the impact of the specific interventions, as they were implemented as a bundle. Third, tuberculosis might have been overdiagnosed, since, despite having Xpert MTB/RIF (Cepheid, Sunnyvale, CA) in our clinic,^[@R21]^ confirming childhood tuberculosis is challenging, and most diagnoses were based on symptoms and radiological findings. Fourth, it is possible that some cases ascertained as lost to follow-up had died. Finally, given the short follow-up time, we could not assess the final MTCT rate. Strengths of our study include the comprehensive clinical data and the prospective character of the evaluation.

In conclusion, the creation of the One Stop Clinic of Ifakara combined with a comprehensive electronic data collection system and the implementation of PITC and EID resulted in an increased number of mothers and children diagnosed and linked into care, a higher detection of children with AIDS, universal ART coverage, better retention in care and ascertainment of mortality, and an early MTCT rate below the elimination threshold. This strategy may provide a feasible and scalable model for delivering high-quality family-centered HIV care in Tanzania and achieve the 90-90-90 target.
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